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Fd-7 1 7 £©W©ffl;i/-7vX^Air.£oTI|i«^£ 
n^. ->7fA 1 0 tr43ViT«, Cupraselect©«fc5& 

V^xv^ks^cvDiaa^r >ai 8Mf«&2n 
i 2 a^-fr >a* i 8 ^m. i 9 icag5®#tt e. n 

TVi-Sdt&f^ViT, #»©*>©•?&£>.> Sg^T^^V > 
(±i£bfc^©^E£l&^T) , 1991^3 
n 19BttAdamik£©#H#ffl : 3l5,000, 113*1. 1987^ 5 
£26BttFoster£©#B#ff^4, 668, 365#, 1986^4 
£ 1 BttBenzing£©*ffl#ffF?g4 ( 579, 080*1, 1985^1 
ft 29 B ttBenz ingS ©*a4#ffF?fl4, 496, 609*§, fttfl 980 
fpll.S 4 B#Easte.©*ffl#« : ^4, 232,063^*-g-tro 
[0 0 14] ttEflE/M'4'fltlMtl 6«. «1 6rt--#tf 

U^AC9«k^^ftlJE$nfc^$r^S^l 1©±© 
Ifl 6©Ky7© "Ay H" ^fS2 6^.ttS&-r-5ai2 4 

s-£rA/cv»*. «c^SS3>hD-7 1 4«» i&fr/vu? 
mmm 1 6 tasgggg 1 2 ©ma 3 0 tvmiz&mz 

*ITV>5. ««SftfciOtJW«*»Bl 2^Stl 

9A, g*, SfcWT^rfXDi^^+^'J-V-^fXlC 
.fcoTSaJl^ >a*i 8 a®^. *r'J^-:tfx 

3 8 £51bT^§§ 1 2 ©#XAP 3 6 fcttStenTH 30 

-^•>XfAl 0 ftjfrBW*1HHC, HJ£#>*£#1 1 S. 
0^©^£->;^A 1 OfrS/X— S^T-BEt**"?** 
«fc-5K:&oTV>-5. v-X^A(*3©MJ£<&5©g£MK:«4> 

(I^7-f>4 1li CVD5!lS5 L V>A*«*S~>X7 i 40 

Ai:«^snTv»«. ) mmfflfflajmte (09*.«, 
jes£) a;p7i3**, >tjf A^nrv^. £*i 
5 ©a;p7«, iE#»fP, fttf^— s?&tf#«iMe*i»J 

iT£>^»jA;i/7 1 5 4t>*n^i:!!/iTf5. 

[0015] B 2 - 4 C, 1 2 CO 1 £JK©Jg£& 

HWCTKbT&S. 5fe-rB2*#MT^. 3&HS3§12 
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"BiSST ^2 0 0*^A/CV»*. tt'Jt-^ 

W&/jNl*fcbT$HR3n, JKSHW 1 * >/X 2 0 2 'sfc 

iM§*T~-5>2 0 Ott. JKSfcS^irW^ 0 2^©*^ 

iTo^nsfn MAaio-'^s. 

lO-'cmST (4 X10 '7!)§64 XlO '-f ©$gffi© 

att3-a-*E i«fflfc*v»Ttt» asms 

©»J8KJ:*i»ii»^T— 5?tt, iSR«7lr>/t2 0 2 

^©** 'J ir— ^fx©«n©t»K*«wci05;p (o. oi 
^ Dfiv»u--f x**rr*-»^©*#*(B«*©«t^ 

S^3**J:5»C(^praselect*«sjfeW«Jl*»lt3 

[0 0 16] mm&XT-~i?2 0 0H «*AQ3 0* 
aUT*fls*K*K©«in*«W-, £fc#.XAP 3 6 * 

abr+'f uir— 3?^©ssn**w->5/ , «;p^ , j|?5 J w 2 0 

4*^TV>*. SflcAP3 0il $t#«tn>hD--7 
14 (HI) *6CD«#*Bft»fltt&5'f > 2 0 8 ©- 
:#©JR£3tt«# 9792 0 6 S^TV^. 1S7, AP 
3 611 1 3 4^l/Tf 1*3 > h a-5 3 

8£>&©tf;MKIfr?'f >2 1 2©- 9 
75 2 1 0 ^Av-tfViS. *y792 0 6S^2 1 0 

«, «pj6©*ffiKa-r*4i»©*pfirft**9 75»w-T? 

*^T%>3eL3fc*.fcV». 7-f>2 0 8Sl)!2 12lt ^ 

[0 0 17] *KH3atf4*#ir*. «ft»S7.5r- 
3? 2 0 0 © A^Ttf^W 2 0 4 tt, 2 2 0^ 

A/TTV»*. i©I*M2 2 0ll ^2©SS^ffiK2 2 
2Ci?T«*XP*y^?2 0 6lCi^#$n, 13© 
8St#iiSS2 2 4l:«t^T^An*y^5 2 1 0 

H-4f;ijSSftTV>£«t-5K, rvv?# : T4 
M2 2 0»IK2 2 4 (03) d^^^U-V-^X© 

sn2 3o B^bfc^©^^Tttm i ©si^ 

2 2 0 .htt^T^-StrE^nT^-affi^ 2 2 (B 
3) ^5«[#jte«««©flEn2 3 2SSW-*. '©^5 
7SS^JI^J:OS?»f^T32a2 3 6**#6n*. ^nirj; 
0, 3^2 3 6lr^ViT+^U-V— ^/X©dSn2 3 0** 

m.#ftmvomvffiti2 32^ u mti2 3 2 

t2 3 0 <h*nS-&3tl-5«8#2 3 2 aX^2 3 0 aiC<t 
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[0018] m^&nt&omm-mt. m&mm&2 2 0 

04KWT^£nTV>3«fc5fttt:&l$^^£Wb 
a& 2 2 0 ©ff£?fc< t^t, T£g 2 3 6 \Z 
*V»T*^B«>M©8!ttl2 3 2*^-vU-f-^X08iE 

n2 3 oiretoTS?»f$n^ic, v^TSP 
*,/j^©^j£^aicfc5fc©i#;te>n&.> 0^©* 

£;tbTV>3*\ 4$£©j£ffllc&??bT«fc?)A£<, * 

0 <hS < T-5 Z. £ 
[0019] JS-&JBS8&2 2 Ote, T£^2 3 6 ©®5t 
iC&gbTHS ltt©AP 2 2 0 aRZ/2 2 0 b£Wb 
TV>3. — ;#©AP2 2 0 a«il8S2 2 2C^$n, 

ass2 2 2fr*>WL&'fcWtom.*mx-tz>. mcap 2 

2 0 b«SS&2 2 4lCi^-a-^n, M2 2 4^5*+'J 

-rS^nxv^J:^^, jg^fflas^ 2 0te&#5fce;#> 
KAP 2 2 0 a* ££PAP 2 6 2 £TtfcfeWMV^ih 

S^bT^-5. ®-&JHagS©i|§wi;:itbT?g£-fl!®i8 

ifc®Wg<Dm&ffi&T3Z&2 3 6A^^AP 2 6 2 * 

OJgfigTtt, S-&ffljlK2 2 OOS^L-h-^WlBWiO 
ffctt, 2 : l^S.20: 1 £-T?©$Sffl-e&£. £©{£«. 

[0 0 2 0] S-&MM8S2 2 0©AP2 2 0 bll +^ 
U-t-#;*.MgS2 2 4©iRS/h3nfcitSBP»2 2 4 alC 

aa&#2 2 4 a\tm&mm&2 2 o tm-vxm&mvT 

[0 0 2 1] #X5!S§2 2 4 ©J; 9 A£VMtg©81$:#2 
2 4 b*?., *I£-fllS8&2 2 0ST©*tUt-^C 
Stiftfe. ^»^nfe^^aK2 2 4 a ©*}!;:{£«&#£ 
nTV^-5^*fflyX;i'SC^2 4 0 (i3) K^-DTiD^ 

3*1-5. B*©ifcit©»«Trtt, w®m j X)vm# 2 4 

OIWSITibot, /h$<^nfelHOlK2 2 4 a 
Ri3!I-&fIB2 2 0rt^©#X©^n£?t £>*{£$#> 
*. #*«©**&* "'Ofa'Ja 

^" iCioTflOig^tt-Sfc©^^*^. 0^©SU£ 
©JMTCH:, JXMSI&2 4 0«#Xii8S2 2 4©it:« 
£K&1/I0STSS*«>TV>*. jg-&ffl318S©W©yX;UBB 

[0022] mm\z. m&m&2 2 2*sa£-fl§ag&2 
2 o$i~c<Di&&ftm%)n<Dffi.T£h, m&mm&2 200 
mj©s£#as§2 2 2ft\z®.w&L®-znftwtt>m v xmz 

Mt, 0 3 ftd 2 4 4-e$E^£mrv>-5 "•Knf f 

-5. flil©S©A;l/:7£i£jr^£££ , bT?*S. /\*;l/7'2 
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4 4lt 2 4 6-C«3SSnTV»*/X;U^aJW*^*, £ 
©»***«#* KSMETS <t«tffca8& 2 2 2 *ffl b ZtlT 

m&mm&2 2 o^o*#:5i£B»*o*n*Bajhf *. 

S*ffle©«ntt#*«©*ftfcH«K3R»Sn, 

2 2 2*<=>, m\r*1t/W72 4 4^17X1^1^2 
2 0 *TT©«[fl:0«no*S 0 M2 2 2 ©/h3 < 

snfc&so/w^aa^ 4 4 atc^oTSt^tvrv* 

10 *. H*©*K©#lBTrtt, a8S2 4 4 a«(flfl0=;l/ 
©B^fc^rbTtSD, n^2 4 4IWH±«*M2 
2 2©ttS£«&l/10£T2&i&TV>3. Hfax-f H*U 

/t;p^*«ffli;fc(i«fc*<5»-&ic, s-a-^a^2 2 

0 ;i^2 4 4©#ffirtKffibTV>*/t;w:/BM*2 
4 6ioffl©/"«;^2 4 4CDffli;fca»o*9l ( "r'> 

(JEP) " aK2 4 4 alCioT^^nTVi 
*) tt?II)BS:IBD/ha<f*J:t3Wff*b<, ftoT 
20 "ifDfyh'^'Ji-A" fc«ftW6nTV»*ifc*»31' 

^ 2 4 4 ««H UTV^ttK^-ySftftf? \ t Vyif2 
4'4aOgffit, 0.1c c (cm s ) J:t)/hS<, «t»5» 
* L < ttO. 001 c c «t 0 /h£ 
[0023] /x;i/^©-4-fett, JSffllc&&bTjeft:S-tt- 

30 [0 0 2 4] 03 C^$nTV^-5J:olC, 

*£**MiBW« £©»-&#«» 1^MM2 2 Oir«k 
ox, jw^^-t 2 0 4fH\ZBf$.2nx^&&m2 6 
O'vjlie.n-S). 0SOHlOflT«, I^IM2 2 
Ott, 5WJHT2 3 6*>62jH2 6 0 ^Tfcfcl^W— ^© 

W&z:tu<&m2 6 0-s2l&n^J:5irfeoTV^. 

^ji*«T$-a-^feje)ic, ^ ::: F©jESffiT«/h$<$nfc 
jes©a^©s^ srS/M-f-s d b tan 

40 ©s-&t5t€ri^?s^© i t j 'i>^»<«t5i', m&mmmz 

[0 0 2 5] Si2 6 0(l *3*»AP«» 2 6 0 a 
-tnci*<S«Ra»©ma»»2 6 0 b$:^T 
^5. ¥&MXa&#2 6 0 a«, ffiafiErt'vWEIbT 
V>Tfi£-flia»2 2 0©*lC«#:WK»ltt3nTV»*a» 
PAP 2 6 2 *EftbTVi-5. 0*©SIJg©^T«, 
£12 6 0(CttffiA^y^fc«£«F*J^#at«flfi©A 
n«»S«W-TfcV». £P2 6 0©S^<BJ©Sa, fiP^R 
fgfJ^ttiPaJ»2 6 0 btt, £iAP2 6 2©rtg e fc9H 
50 MS<HrA^V^S : £Wr-S^?HaiP2 6 4SrEE^bTVi 
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5. 0 3»r^-r«t5tc &me>m.&\t, ^nm^2 6 
o aftzmmzmtahT^Zo ■*■©«£*, »ao2 6 

2 t*3ViTjg^-ffl®i^2 2 0£ffl£**'J-V-#X<tfl£ 
fle$HB*fl*fc©«^#»*» AP«» 2 6 0 

a «KA*K1I«U *3»»AP«5»2 6 0 

#5fe^#lft©#fSt£<EitU jRaicMjafS+irU"^- 

[0 0 2 6] ISOHIOfiTIi SI2 6 0 ©rtS 
«. Fm^fflPgB#2 6 0 btC^THSUHJlC— 
*oTV»*. H»OSIlfi©»»Tr«» tUPgB#2 6 0 b 
©ifi&te««l/47!>3ll/2-r nfitSISX^-^ 

S. bfrbfta*£, £#3 £}i©gJt^©**** 
©iftSteifln3tt'5nJ1IBttj&*a*. 

[0 0 2 7] 02 (C^-T«fc5 tC j&8!§§ 1 2 ©j&fgtg^ 
*>/t2 0 2tt. K«R1*#©*R«?*>.rtrt«2 7 
2*»*-r*A^S?>^2 7 0*r#A,T?V>5. «#5teffi 
<feKS.Z/4 i vU-\ : '-^XCDXTnyjW©^tSt^«. "St 
g&fflP2 6 4»C«k^T, ^Si^r>A*2 0 2<D/W 
V>>if2 7 0»C«fc^TRl^$n-g>4 1 '6AP2 7 4-s2!?> 

SiSXr-^2 0 0 <D/W7#j t <{ 2 0 4H 
<&m&2 0 OCDmP^J&fSS?^ >A*2 0 2©AP2 7 
4 t S^J-T Si^lC, JKSNB^W^ 0 2©/\»>5» 
^2 7 0 icStWSftT^S,, «SS§2 0 0 i&feig^ 
Y>A2 0 2 fc©im©lfr&tt, 13&->-;V2 7 6 (0 
3) Sr^ViT^it^tlTV^. 

[0 0 2 8] 0^©HJ6©^Tte, 3£fgg§^>AA 
P2 7 4IJ, t»ISi§£PtiJP2 6 4©Pm#«#2 6 0 

btn— ©rtffi**"r*e«nis»©*^-2 7 4 a (0 
3) •€-ntr^<R^#^tr^oTV^/X;w^ 

2 7 4 bt*^W5. ffW^ 7 2©F*905lClH« 
^g§^^>AAP2 7 4 t»ILTV^©IW 
7>^I/-h2 8 0T$5. hZfU— h2 8 0(i, 
*^U^-^tr«fct?T3j?y V-yU-h2 8 0£T?3S« 

[0 0 2 9] HjK©**©»Mrctt. URII^^WXA 
P2 7 4©rt«tt, RfSfJ£gB#2 7 4 a-C»i36«Wfc— 
^(Cffifcn, RI6#»*»2 7 4 bT?tt*Sl»C*»IfcJK 
j&V^THS. »ft>A'2 0 2(DAD2 7 4(t H 

CLtj^-xr**. JSJBKHSfcffbT, *»»OAP 

JEJ5»St, AP©S±^©«-^©«l«**Sin]S-a-^fe7S: 

[0 0 3 0] 05{r^-r«fc5lC *yhyi/-K2 8 0 
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tt, ^%g§5 lj C>A-F»3SI52 7 2F«i{CiSB^n, SStt^flJ 
y->2 8 0 a£WbT<^5. 0HBT./— >2 8 0 alt 
^>/->2 8 0 a©J19t;:gEg£tlT^5*g&©3i8& 
2 8 2&ESLT^I>, h7 p l/-hii^2 8 2 « 

*y h^i^- h 2 8 o £S»u jMbb&tffw**? h 

yi/- h 2 8 0 , Stfi&Ji^-V >A 1 8 ^m. 1 9 rt©M 

p 2 8 4 brassy a i 8 ©i^as 2 8 6 ^git 

tt, jSJBlC&#bT^{t£i£5££a*T£5. 0^©H 
10 Jfi©^SlT?«, Ita^^y h:7V-H£aii?-*fl*fcffi- 

[0 0 3 1] 5£ig§i2 9 0 (0 2) irioT^SnTVi^ 

nmttm»»2 1 4b<om\z^w.mt, *-y hXb- 

h 2 8 0<D±ffi<Dfy£i<D7 : '( X?mV— >£32^bTV> 
*. ^©ifg^ 3£?£§§g lj r>AAP2 7 4©R«6#^815 
»2 7 4 b©fldte, ^KbfcttllEftKttSlWW©^^ 
h 2 8 0 ©**!/— >2 8 0 b±K:3£V> 

[0 0 3 2] m2RZS5\Z^T^V\Z, *yh^~ h 
2 8 0©4 3 *y->2 8 0 bll W^§g7 > ^->'2 0 0 

^6»#ftB«m©/h**«ttTju«K»fl2S-a-*fc© 
©^©i^'L->©iF2 8 8Sr^rbxv^„ ^nf.©i(t 

hyp-h©^*®^JlD$-&^. BPP#1C 

-5 Sittl£«rr$cEP2 8 9KlJ;-3T 
30 *kLT$>2>£z>\Z, %.{th1t#m*fty YZfV— h©a 
K2 8 2, ;KX**W?^ >A* 1 8 ©rtS5^©MBa □ 2 8 
4 *a»"r*. 

[0 0 3 3] 0^©IIJg©^T«. ^yhZfU—b2 
8 0OI2 8 8I1 1/1671)^1/8^ >^©^H©ipii, 1 
/471S1/2-T >5 L ©|gffl©ai$i: ; &*bTV^. 

\Z. fryhzfl — h©h^y*B*iiAlc?&ai-r-5^i: 

*dt*«»*bVi. Sic. #©U-fXtt, ffilifinxhS 
40 «»»«*K>b*»*R«b»*. 

[0 0 3 4] WJ&T* 2 0 4, fV>/V\!)y>y 
2 7 0> hXl^-h2 8 0*-^tf3R*»l 2 

tt. t>AOA")i?>^2 7 0©m 

h7V- h©*M»l\/->2 8 0 a©^ r HI!l«r'aHbTVi 
^JO^fflv 5 -^^ h2 9 2 \Z£^>Tmf&-ZnZ>. 0^© 
*K©JBJiT?»4, 2 0 4, agNt^Wt 

I\O s J>>f2 7 0 . h^l/— h 2 8 0 Z-gtim 

$ffll 2©^tt7;P5X'>i Sl »T*«. tt©*V>*M5 

*»»ft^tm&©*w*ttfflTr#*c:tfea»snfc 

50 U„ Hw©*JS©»ttT?tt. ttflcjfe(B«m*fctt«[»i: 
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7 is- h 2 8 o z^tsmR®^ * yrt<Dfctt<DU&\tU 
5 IZ+#\Z&^ Z. t.t>mtz b V>. &#5te^3S#Cupras 

eiectr*-5S^©iijg©^T?«. £ne>©j6£#©ta 

^BmO-75 t CT<fc3£<h#« : £bVV, £©i& 

S&ffltt. jfcffllcfe#bT^fc£i±&;L<!:*<T'#5. io 
2 8 0, $ L *>/V\W>if2 7 0 £fcte/'UK/#x--r 

2 o 4ft\z/±\zs$.nz>imMi&m z ?, 
n<DHam?>7 «bT&n) mv>&oti'ik%i<D. k 
^*>ni&ttmf&<»rcft\z&®isnz^WL\z&r>xm 

-h©FW/->2 8 0 b^-H}«£e*.#«>J:5 
(C, *y h:7V-h©ffii$-5SS&2 8 2 ©PflCD^fiJ^- 
>2 8 0 att+#fc*m£S-r££#fiF£bV>. 
[0 0 3 5] «ft>M^^>^2 7 0«*y h 

yi/- hti-mv—y 2 8 o b±ir^^?.n, nfinv— 
>2 8 o b&mtmm^yysmi 9 wow □ 2 84i 

2 8 0 t«Sft>Ail 9 <h©P.fl©i(g-&«, j&fSiSA 
Vi?>>f2 7 0 VfV— h 2 8 0 £©^8 ©*§-&© 
«fc-5fc, S^&v-;^ 0 0 (02) izx-oT&mzti 
Tl>-5. i§«^>m 813. fl!lg3 0 2.^3 0 4, 
Rimi 9lC=fcoTPS?££ftTV>5. gl 9IC«. it« 
£is^3£^£#ET-3*t#:©:*-U:7^7.3 1 0£WT-5 
•>t7-A7 F 3 0 SMMSntV^. W&5-\> 

a:-A©J;5fJ:S«3 1 6 *«ffT^fcie>CDjjn^^ tlfc 
*«3&$#:3 1 2 ^MK^A/TV^. S«3£8N£3 1 2 
«, 7;i/5-?A©«fc3fcW^tt:&m*m. Sfeti^b 

ig£tl5. S«3£J$#3 1 2«JO^giifc«t-hv'> 
^ibTfcfilSllgU ^i-A3 16$MU gLtzteV 

i-a3 i 6^e»^*§i^m-rfcfe©#snw^»«r-& 
A/trvi*. as«xj**3 1 2 en. maiics^ 

3 & t(tl>ii:#T?f5. Mffi.fr Zzi'OV 3 1 3^*& 

^oi^i-a3 1 6^-e^.e.n-&. ^«©«3 1 4 
*tft>Ai3 o 2 izmmznT&v, #A-8t3 1 

8©£:«>©3a$#K:ftoTV>3. I^Sl2A>?.Ogft 

Lit!fcm®)nii s ijaik2ftft'}x.—/\tmm-?2>ii, cv 

1 8«. i£«**S2;b<;fe:V>»£3 1 6©«tHB#Atf 
Tffil^-V WtfttgefiMTS. JE^fM^-^ h 3 4 2 
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(«*.«. H£#>70 *V^P^3 3 8 («Atf, ifffiD 
/W^) *^LT5aSf L -\'>A'l 8 ftTV^T, 

[0 0 3 6] ita^^A*©^?-^ Htttf-^a 
>-C*0> &£]©<2:©<fc5fc->-\' , 7--^y HTS-SCt 

Mm®IClE®^nTV^J;5»C, i^rV-^y H 3 0 8 

TV>5. ■>t9-^^l^3 0 8li ^-y->3 >-C->A' r 7 
-^y h* 3 0 8<D±m\ZMfc-2tlT^2>&§!l.<DWVl±? 
*>h3 2 6, Rtf*y->a >T->t7-A7 h* 3 0 8 
±»CEB$tlTV>S>'^ H>>yi/-h3 2 4lC«fcoTd 

^£§§1 >A1 8^^8SA-r^. tttt3 4 3 

->^h*"i7yix-h 3 2 4rtC:S:tt'S>nTH-5*t&© 
^ij7-fX344, S.t^v-^"7— ^.y H 3 0 8rt©*ggC 
20 ©*U7-fX3 1 0*aiib«»t*. ->tH77"l/-b 
©t>j7-f7>3 4 4H ->t7-Ayl 5 Ot 1 j7>f73 

1 o^£-re,3ftTv>T. jfle^ffi^mctst^Si^M 

^^isrSiptC^oTV^-S.. BP'S, lUfgSil 2^£©^ 
36^»{b *m©fittl3 4 5te, yf7-A>yl^ 

3 0 SWh^^iWEI^SB^S 2 6 © 1 olc i^TMJE 
->t7-Ay H 3 0 8S^->t H971/- b 3 

2 4H, tfttitfsWKlftttft (IP-fe. Cupraselect) ©^ 

fbir®-r-5fa^T*-g>««65 < cfcjo^$nTv^. ^© 

30 ,h©8it#3£&, ->V'7— A«; H 3 0 8S^/S&IJ->t 

H-i/y^-h 3 2 4rtir/±fc-&*n*»iftJnJ»* ; F, 
R^^^ArtwJnfi^^^wJ;^^:^©, JL^^ 
■v >/N*^Jn^©fc«e)(cS^n«.^©{r e t-pT^$ 

0 8rt©M©^'J7^7 3 1 0C1O4I5M3 4 

7 &mz>z.t\zf3.z>. *5£#fwt;*m©»£n««B& 3 5 

OlC^oTfe^-r^dt^D^^^i'^ K77"W 
h3 2 4±T^<bb^«>, ^ftbfcSgtltbT®K3 5 
2 Vt7-A-> H 3 0 8Al):->f 

40 K77W-h 3 2 4H, =1© ±»^*«ffib, — ^CW 
iCgWb^-yr-SdtlCtoT, 9i-/\*Ma©S(I*R 

©fifmsKih-f-s fe© t#>t 
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METHODS AND APPARATUS FOR IMPROVED VAPORIZATION OF 
DEPOSITION MATERIAL IN A SUBSTRATE PROCESSING SYSTEM 

RArKftROUND OF THE DISCLOSURE 

1 . Re Id of the Invention 

The present Inventions are directed toward the field of manufacturing 
Integrated circuits. The Inventions are more particularly directed toward 
improved methods and apparatus for vaporization of deposition material in a 
deposition process system. 

2. Description of the Related Art 

Presently, aluminum is widely employed in Integrated circuits as an 
interconnect, such as plugs and vias. However, higher device densities, faster 
operating frequencies, and larger die sizes have created a need for a metal 
with lower resistivity than aluminum to be used in Interconnect structures. The 
lower resistivity of copper makes it an attractive candidate for replacing 
aluminum. There are well estabBshed techniques for depositing copper, 
including electroplating, chemical vapor deposition ("CVD") and physical vapor 
deposition fPVD"). A CVD process b desirable because It car often provide 
for a mora conformafly deposited layer. For example, chemical vapor 
deposition of copper may be achieved by using a liquid copper compound 
precursor known as Cupraselect®, which has the fbrnula Cu(hfac)l_ 
Cupraeetect® is a registered trademark of Schumacher of Carlsbad, Cafifbmia. 
The Cupraselect® consists of copper (Cu) bonded to a deposrfon controlling 
compound such as (Mac) and a thermal stabifelng compound (L). The (hfac) 
represents hexafluoroacetylacetonata, and (L) represents a figand base 
compound, such as trtrrethytvlnytellane (TMV5")- 

During the CVD of copper using Cu(hfac)U the precursor is vaporized 
and flowed into a deposition chamber containing a wafer. In the chamber, the 
precursor is infused with thermal energy at the wafer's surface. A! the desired 
temperature the following reaction is be&eved to result 
. 2 Cu(hfac)L Cu + Cu(hfac)2 + 2L (Eqn. 1) 
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The resulting copper (Cu) deposits on the upper surface of the wafer. The 
byproducts of the reaction (i.e., Cu(hfoc) 2 and (2L) can be purged from the 
chamber which Is typically maintained at a vacuum during wafer processing. 

One problem associated with using Cupraselect® for CVD can occur in 
the delivery of the material from its liquid storage ampoule to the process 
chamber in which the CVD occurs. Typically, the liquid Cupraselect® is first 
vaporized and mixed with a carrier gas such as Argon. Helium or another gas 
(usually an inert gas) between the ampoule and the process chamber. 
Vaporizers are incorporated into the delivery system and typically operate by 
altering one of two environmental conditions (temperature or pressure). Many 
vaporizers raise the temperature of the precursor to establish the desired state 
change. Unfortunately* raising the temperature too high can cause breakdown 
of the precursor arid subsequent plating (deposition) In transfer lines between 
the ampoule and process chamber. One example of a known vaporizer is a 
CEM vaporizer manufactured by Bronkhurst of the Netherlands used to 
vaporize the precursor liquid. Unfortunately, these devices can clog after 
vaporizing only about 50-1 500g of Cupraselect®. Such dogs can alter the 
deposition rate. For many wafer manufacturing applications, the vaporization 
rate is preferably repeatable from wafer to wafer- 
After vaporization, Cupraselect® Is often pumped into the process 
chamber along with an appropriate carrier gas. This pumping action can pull a 
high concentration of TMVS out of the Cupraselect leaving the less stable 
copper and (hfac) In the transfer lines between the ampoule, delivery system 
and process chamber. Under these conditions, undesirable plating or 
deposition fe also likely to occur at various locations. For example, plating can 
occur near the vaporizer, valves, process chamber showerhead orifices and the 
like. Plating can change the dimensions of these system components which 
can degrade performance of the chamber and the resultant deposition layer. 
Additionally, unwanted plating may flake off during the deposition process 
which can render a processed wafer faulty or unusable. A maintenance cyde 
run on the process chamber to replace or dean the chamber can reduce wafer 
throughput 
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As described in copending application Serial No. 09/120,004, filed July 
21, 1998 (Docket No. 2460) and assigned to the assignee of the present 
application and incorporated herein by reference, to provide far repeatable 
deposition conditions, it is often desirable to create the precursor vapor as 
close to the process chamber as possible to reduce the likelihood of deposition 
at points in the delivery system, and to reduce the time and cost of purging the 
process chamber. In the apparatus of this copending application, a vaporizer is 
disposed dtrectly on the lid of the process chamber which reduces the 
components used to deliver the precursor so as to reduce opportunities for 
clogging and to facilitate purging of the system when so needed. 

BRIEF SUMMARY OF AN EMBODIMENT OF THE INVENTIONS 

In one aspect of the present inventions, improved methods and 
apparatus for vaporization of deposition material in a deposition process 
system are provided. For example, in the illustrated embodiment, a vaporizer 
includes a body defining a cavity having an outlet and a recessed inlet wherein 
the cavity outlet is larger than the recessed cavity inlet The vaporizer body 
further defines a first passageway coupled to the Inlet and adapted to carry a 
mixed flow of carrier gas and a liquid precursor to the cavity Inlet The 
passageway has a relatively short length and small width to form small particles 
of the Oquid precursor and to InhWt recombination of the liquid precursor to 
larger droplets- The cavity is shaped to permit the mixed flow of earner gas 
and liquid precursor to expand as it flows from the cavity inlet to the cavity 
outlet As a consequence, the liquid precursor is dispersed by the carrier gas 
expanding through the cavity. 

In the example of the illustrated embodiment, the vaporizer Is disposed 
on the lid of a chemical vapor deposition chamber. In another aspect, the 
vaporizer further includes a hot plate disposed between a showerhead and the 
cavity outlet, and adapted to vaporize dispersed liquid precursor into vaporized 
material. The showerhead, disposed in the chamber lid in the iflustrated 
embodiment, is adapted to distribute vaporized material for deposition onto a 
wafer or other workpiece. 



( 17 ) 



&m2 001-335940 



-4- 

In one aspect of the illustrated embodiment, dogging of the vaporizer 
may be reduced to increase throughput of the deposition system before purging 
or other cleaning may be indicated. 

ft should be understood that the preceding is merely a brief summary of 
one embodiment of the present inventions and that numerous changes to the 
disclosed embodiments can be made in accordance with the disclosure herein 
without departing from the spirit or scope of the Inventions. The preceding 
summary, therefore is not meant to limit the scope of the inventions. Rather, 
the scope of the inventions are to be determined only by the appended claims 
and their equivalents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings illustrating an embodiment of the present inventions: 

Fig- 1 illustrates a schematic of a CVD copper deposition system in 
accordance with an embodiment of the present inventions; 

Fig. 2 illustrates a cross-sectional view of the vaporizer and CVD 
chamber of Fig. 1; 

Fig. 3 Illustrates an enlarged cross-sectional view of the vaporizer of Fig. 

2; 

Fig, 4 illustrates an enlarged cross-sectional view of a passageway and 
cavity Inlet of the vaporizer of Fig. 3; 

Fig. 5 illustrates a top view of the hot plate of the vaporizer of Fig. 2 as 
viewed along the fines 5-6 of Fig. 2; and 

Fig, 6 illustrates a schematic of a control system for operating the 
deposition system. . 

To facilitate understanding, Identical reference numerals have been 
used, where possible, to designate identical elements that are common to the 
figures. 
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Features of the illustrated embodiment of the present inventions include 
improved vaporization of a precursor material (e.g.. CupraselecrtS) for copper 
CVD) for delivery to a deposition system. Although the illustrated embodiments 
of the inventions are described in terms of copper thin films grown by CVD, 
those skilled in the art will recognize that the inventions may be applied to any 
thin film deposition process where ft is desirable to maintain controlled and 
repeatabfe delivery of process material to Improve the resultant film and reduce 
contamination levels in the system. Other liquid precursors or reactants 
include but are not limited to TEOS, trlmethyf borate, tetraethyt borate, 
tetra ethyl phosphate, tetnaethyl phosphite, tetrakis{dimethyiamino)tffanium 
diethyl analog, and water Copper compound precursors other than 
Cupraseled® may also be used. 

Turning now to the drawings, more particularly to Fig. 1 . there is shown a 
liquid delivery system 10 which uses a vaporizer 12 for vaporizing the reactant 
liquid in a manner which reduces clogging of the vaporizer. Liquid flow rate is 
controlled by a closed loop system between a liquid flow controller 14 and a 
system controller 17 which Includes a programmed workstation. In the system 
10, a liquid reactant 11, such as Cupraselect® is delivered from a liquid bulk 
delivery tank 16 to a CVD process chamber 18 of a thermal or 
plasma-enhanced type. The chamber 18 may be conventional except that the 
vaporizer 12 is preferably mounted directly to the lid 19 of the chamber 18 as 
described in greater detail below. Examples of suitable chambers include 
(apart from the aforementioned fid modification} the chambers described in the 
following commonly owned Issued U.S. Pat No. 5,000,113, issued Mar- 19, 
1991 to Adamik et aL; 4,668,365, issued May 26, 1987 to Foster et aL; 
4,579,080, Issued Apr. 1, 1986 to Benzlng et aL; 4,496,609, issued Jan. 29, 
1985 to Benzing et al. and 4,232,063, Issued Nov, 4, 1980 to Eas* et *L, the 
disclosures of which are incorporated by reference herein. 

The liquid bulk delivery tank 16 has a dip tube 20 extending into the tank 
16 and a source 24 providing a pressurized gas such as helium to "head" 
space 26 at the top of tank 16, above the liquid readant M r for driving the 
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liquid from the tank. The liquid flow controller 14 is connected between the 
liquid bulk delivery tank 16 and liquid inlet 30 of the vaporizer 12, A controlled 
amount of liquid is received by the vaporizer 12, which converts the liquid to 
vapor and transports the vapor through the lid 19 of the process chamber 18 by 
means of a carrier gas f such as helium, nitrogen or argon. A gas tank 34 
containing the carrier gas is connected to gas inlet 36 of the vaporizer 12 
through a mass flow controller 38 which regulates the gas flow rate. In many 
applications, liquid 11 may be toxic and/or caustic. To facflitate servicing of the 
system 10 and Its component valves and other elements, a purtje line 39 is 
connected between the gas tank 34 and the liquid flow monitor to allow the 
operator to purge system 10 of the reactant liquid 11 and its vapor before 
servicing. To further reduce the amount of reactant in the system, a vacuum 
Bne 41 is used in conjunction with purge line 39 to evacuate liquid and vapor 
from the system. (Vacuum line 41 is coupled to the vacuum system of the CVD 
process chamber.) Remotely controllable (e.g., pneumatic) valves 13 are 
Inserted on each line. These valves are opened and dosed to enable normal 
operation and purge and evacuation operations. To enhance safety and 
fault-tolerance, each line having a remotely controlled valve 13 may also have 
a manual valve 15 which can be closed manually if the remotely controlled 
valve fails. 

One embodiment of the vaporizer 12 is shown in greater detail in Rgs. 
2-4. Referring first to Fig. 2, the vaporizer 12 includes an "atomizer stage 200 
which mixes the liquid precursor 1 1 with the carrier gas which Is then permitted 
to expand rapidly. As a consequence, the liquid precursor is broken up and 
dispersed in the carrier gas in tiny particles or droplets which are delivered to a 
vaporizer chamber 202 to be vaporized. By the term "atomizer f " it Is not 
Intended to convey that the atomizer stage 200 necessarfly disperses the liquid 
precursor at the atomic level. However, it is believed that the atomizer stage 
200 does disperse the liquid precursor into an aerosol-like dispersion in the 
flow of carrier gas to the vaporizer chamber 202. Aerosol particles can range 
for exarrple, from 10^ to 10^ cm (4 * 10* to 4 * 10* in) in diameter; turbulent 
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gases can disperse particles 100 times larger. In one application, it Is believed 
that an atomizer stage in accordance with the illustrated embodiment disperses 
a Cupraselect® liquid precursor so that most particles of liquid "precursor 
dispersed in the flow of carrier gas to the vaporizer stage 202 have a size 
substantially smaller than 10 mils (.010 inches) and more similar to aerosol 
sized particles. The size of the particles can of course vary, depending upon 
the application. 

The atomizer stage 20d Includes a valve body 204 which receives a flow 
of the liquid precursor through liquid inlet 30, and a flow of carrier gas through 
gas inlet 36. The liquid inlet 30 includes a coupler 206 which receives one end 
of a liquid precursor supply line 208 from the liquid flow controller 14 (Rg. 1). 
The gas inlet 36 includes a coupler 210 which receives one end of a gas supply 
line 212 from the mass flow controller 3B via a control valve 13. The couplers 
206 and 210 may be any of known coupler designs suitable for the particular 
application. The lines 208 and 212 may be flex lines as described in the 
aforementioned copending application to faciitate opening and closing the 
chamber lid 19. 

Referring now to Figs. 3 and 4 f the valve body 204 of the atomizer stage 
200 includes a fluidic passageway 220 which Is coupled by second fluidic 
passage way 222 to the liquid inlet coupler 206, and a third fluidic passageway 
224 to the gas inlet coupler 210. As best seen in Rg. 4, the valve body 
passageway 220 receives a flow 230 of carrier gas from passageway 224 (Fig- 
3) and a flow 232 of liquid precursor from the passageway 222 (Fig. 3) which, 
in the illustrated embodiment is arranged orthogonal to the first passageway 
220. It is beOeved that such an arrangement provides a shearing tee 
intersection 236 Which causes the flow 232 of Squid precursor to be "sheared" 
by the carrier gas flow 230 at the tee Intersection 236 and to facajtate mbdng 
with the flow of carrier gas as represented by the combined portions 232a and 
230a of the flaws 232 and 230, respectively- 

In the illustrated embodiment the mbdng passageway 220 has a 
relatively narrow width as indicated at W in Rg. 4. The narrow width of the 
passageway 220 is believed to facilitate the formation of relatively small 
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particles or droplets as the flow 232 of liquid precursor is sheared by the flow 
230 of carrier gas at the tee intersection 236. In the illustrated embodiment, the 
mbcing passageway has a diameter in the range of 20-30 mils but may be larger 
or smaller, depending upon the particular application. 

The mixing passageway 220 has a pair of inlets 220a and 220b 
positioned at the tee intersection 236. One inlet 220a is coupled to the 
passageway 222 to admit liquid precursor from the passageway 222. The other 
inlet 220b is coupled to the passageway 224 to admit carrier gas from the 
passageway 224. In the illustrated embodiment the mixing passageway 220 
has a relatively short overall length from the liquid precursor inlet 220a to a 
cavity inlet 262 as represented by L in Fig. 4. The short length of the mixing 
passageway 220 relative to the width W of the mixing passageway is believed 
to inhibit recombination of the particles of the liquid precursor into larger 
droplets as the mixed flow of earner gas and liquid precursor flows from the tee 
intersection 236 to the cavity Inlet 262. In the illustrated embodiment, the ratio 
of the mbdng passageway 220 length L to its width W ranges from 2:1 to 20:1- 
The ratio may vary, depending upon the application. 

The Inlet 220b of the mbdng passageway 220 Is coupled to a reduced 
diameter portion 224a of the carrier gas passageway 224. In the Illustrated 
embodiment, the reduced diameter portion 224a has the same width as the 
mbdng passageway 220. 

The rate of flow of earner gas from the larger diameter portion 224b of 
the gas passageway 224 to the mbdng passageway 220 is accelerated by a 
constricting nozzle portion 240 (Fig. 3) positioned prior to constricted gas 
passageway 224a. In the illustrated embodiment, the constricting nozzle 
portion 240 Is hemispherfcally shaped to smoothly constrict the flow of gas into 
the reduced diameter passageway 224a and mbdng passageway 220. It is 
believed that the constriction of the gas flow accelerates the gas flow velocity by 
the "Venturi effect* In the illustrated embodiment, the nozzle portion 240 
reduces the diameter of the gas passageway 224 by a factor of approximately 
ten to one. The nozzle portion 240 prior to the mixing passageway Is optional 
and may have a variety of other shapes Including cylindrical and frusta-conical. 
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In a similar manner, the rate of flow of liquid precursor from the liquid 
passageway 222 to the mixing passageway 220 is accelerated by a constricting 
nozzle positioned in the liquid passageway 222 prior to the mixing passageway 
220. In the illustrated embodiment, the constricting nozzle is implemented by a 
"zero dead volume" valve represented schematically at 244 in Rg. 3. Other 
types of valves may be used also. The valve 244 includes a valve member 
represented schematically at 246 which when seated again the valve member 
seat, doses the liquid passageway 222 to prevent the flow of liquid precursor to 
the mixing passageway 220. In the open position In which the valve member 
246 Is displaced from the valve seat the flow of liquid through the valve is 
constricted in a manner similar to that of the gas flow to accelerate the flow of 
liquid precursor into the mixing passageway. The constriction of the flow of 
liquid from the liquid passageway 222, through the open valve 244, to the 
mixing passageway 220, Is represented schematically as reduced diameter 
valve passageway 244a (Rg. 4) of the passageway 222. In the Illustrated 
embodiment, the passageway 244a has a diameter of approximately 10 mils 
and the valve 244 in effect reduces the diameter of the liquid passageway 222 
by approximately ten to one. The construction details of zero dead volume 
valves are well known to those skilled in the art and may take a variety of forms. 
However, it should be appreciated that in the closed valve position, the volume 
of any closed passageway of the valve 244 (as represented by "dead leg" 
passageway 244a) between the mixing passageway 220 and the valve member 
246 seated fn the valve seat of valve 244, Is preferably as small as practical, 
hence the designation "zero dead volume." Reducing the dead volume of the 
dead leg of the valve passageways facilitates cleaning and purging the 
vaporizer 1Z In the Wustrated embodiment, the volume of the dead leg 244a 
which is purged when the valve 244 is closed is less than .1 cc and is more 
preferably less than .001 cc (cubic centimeters). 

The dimensions of the valve may vary depending upon the application. 
In addition, the valve is optional in some applications. 

As best seen in Rg. 3 f the mixture of carrier gas and liquid precursor is 
delivered by the mbdng passageway 220 to a cavity 260 formed in the valve 
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body 204. In the Olustrated embodiment, the mixing passageway 220 has a 
relatively constant diameter from the shearing tee 236 to the cavity 260 such 
that the mixture is delivered to the cavity 260 without substantial* additional 
constriction. To reduce back pressure, it may be desirable in same 
applications to minimize the length of the reduced diameter passageways. 
However, It is preferred that the mbdng passageway be sufficiently long to 
centrally direct the mixed flow of earner gas and liquid precursor to the 
expansion cavity. 

The cavity 260 includes a hemispherically shaped inlet portion 260a 
followed by a generally cyllndrically shaped outlet portion 260b. The 
hemisphericaliy shaped Inlet portion 260a defines the cavity inlet 262 recessed 
into the cavity wall and fluidically connected to the end of the mixing 
passageway 220. In the illustrated embodiment the cavity 260 lacks an 
injection tip or other inlet member extending Into the cavity. At the opposite 
end of the cavity 260, the cylindrical outlet portion 260b defines a cavHy outlet 
264 having an inner diameter substantially larger than that of the cavity inlet 
262. As shown In Fig. 3, the diameter of the cavity 260 increases monotonicalfy 
in the hemispherically shaped portion 260a. As a consequence, the mixture of 
carrier gas and liquid precursor exiting the mixing passageway 220 at the cavity 
inlet 262, rapidly expands as It passes through the hemispherically shaped Inlet 
portion 260a and is not constricted by the hemispherically shaped Inlet portion 
260a. It is believed that It is this rapid expansion of the mixture flow which 
facilitates dispersing the liquid precursor into an aerosol-tike flow of very tiny 
particles borne by the flow of rapidly expanding carrier gas. 

In the illustrated embodiment, the inner diameter of the cavity 260 
remains substantially constant in the cylindrical outlet portion 260b. The outlet 
portion 260b is approximately 174 to Vz in diameter in the illustrated embodimen. 
The cavity 260 of the atomizer stage may have sizes and shapes other than the 
hemispherical and cylindrical shapes shown and described. For example, 
frusto-conical cavities may also be used, depending upon the application. 
However, constrictions in the cavity may cause an increase in the deposition of 
materials onto the walls of the cavity. 
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As best seen in Fig. 2, the vaporizer chamber 202 of the vaporizer 12 
includes a housing 270 which defines a generally cylindrical vaporizer chamber 
interior 272. The aerosoHike dispersion of liquid precursor and carrier gas is 
delivered by the atomizer outlet 264 to a central inlet 274 defined by the 
housing 270 of the vaporizer chamber 202. The valve body 204 of the atomizer 
stage 200 is secured to the housing 270 of the vaporizer chamber 200 with the 
outlet of the atomizer 200 aligned with the inlet 274 of the vaporizer chamber 
202. The coupling between the atomizer 200 and the vaporizer chamber 202 is 
sealed with suitable seals 276 (Rg. 3), 

In the illustrated embodiment the vaporizer chamber inlet 274 includes a 
generally cylindrical portion 274a (Rg- 3) having the same inner diameter as the 
cylindrical portion 260b of atomizer cavity outlet 264, followed by a frusto- 
conically shaped expanding nozzle portion 274b, Disposed within the chamber 
ulterior 272 and facing the vaporizer chamber inlet 274 is a hot plat© 280 which 
Is heated to a temperature sufficient to vaporize the particles of liquid precursor 
borne by the earner gas to the hot plate 280. 

In the Illustrated embodiment the inner diameter of the vaporizer 
chamber inlet 274 remains substantially constant in the cylindrical portion 274a 
and expands in a linear monotonia fashion In the frusta-conical portion 274b. 
The inlet 274 of the vaporizer chamber 202 may have shapes other than the 
cylindrical and fhjsto-conical shapes shown and described. For example, 
hemispherical^ shaped inlets may also be used, depending upon the 
application. However, constrictions in the inlet may cause an Increase in the 
deposition of materials onto the walte of the inlet 

As best seen In Ffc, 5, the hot plate 200 is disposed within the vaporizer 
chamber interior 272 and has an annular-shaped outer zone 280a which 
defines a plurality of passageways 282 disposed around the outer zone 280a. 
Each hot plate passageway 282 passes through the hot plate 280 to permit 
vaporized material to pass through the hot plate 280 and through an opening 
284 <Fig. 2) in the lid 19 of the processing chamber 18 to the interior 286 of the 
processing chamber 18. The size and number of the passageways 282 may 
vary, depending upon the application. In the illustrated embodiment, it is 
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preferred for the passageways to be of a sufficiently large size and number so 
as to reduce or eliminate any substantial pressure drop as the vapor passes 
through the hot plate. 

A line of sight as indicated by the line 290 (Fig. 2) along the sides of the 
frusfa>conicai portion 274b intersects a central disk-shaped zone 280b on the 
upper surface of the hot plate 280. As a consequence, the sides of the frusto- 
conlcaf portion 274b of the vaporizer chamber Inlet 274 direct a majority of the 
dispersed Oquid precursor materia! onto the central zone 280b of the hot plate 
280 to be vaporized. Other angles may be selected, depending upon the 
application. 

As shown In Figs. 2 and 5, the central zone 280b of the hot plate 280 has 
a plurality of concentric grooves 288 which receive droplets of liquid precursor 
from the atomizer stage 200 and vaporize the droplets into a vapor. The 
grooves increase 1he effective surface of the hot plate for transferring heat 
energy to the droplets to vaporize the droplets, In addition, the grooves collect 
droplets which do not Immediately vaporize until the droplets receive sufficient 
energy to vaporize. The vaporized material passes through the passages 282 
of the hot plate and through the lid opening 284 to the Interior of the deposition 
chamber 1 8 as indicated by the flow arrow 289. 

In the illustrated embodiment, the grooves 288 of the hot plate 280 have 
a width in the range of 1/16 to 1/8 inch and a depth in the range of 1/4 to *A 
inch. The dimensions may vary, depending upon the application. It is preferred 
that the grooves be sized to maintain good heat conduction to Inhibit excessive 
cooling of the hot plate top surface. In addition, the size of the grooves can 
affect fabrication cost and cleaning efficiency. 

The vaporizer 12 Including the valve body 204, chamber housing 270. 
and the hot plate 280, is heated by a heating Jacket 292 which encloses the 
exterior of the vaporizer chamber housing 270 and the exterior of the hot plate 
outer zone 280a. The components of the vaporizer 12 in the illustrated 
embodiment including the valve body 204, vaporizer chamber housing 270, and 
hot plate 280 are fabricated from aluminum. It should be appreciated that other 
materials may be used including other high heat conductive materials. The 
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temperature of the components of the atomizer stage 200 and the vaporizer 
chamber including the hot plate 280 which may come into contact with the liquid 
precursor or vapor are controlled In the illustrated embodiment The 
temperatures are preferably sufficiently high to fac3itate vaporization of the 
liquid precursor and sufficiently low to avoid degradation of the chemicals. In 
the illustrated embodiment in which the liquid precursor is Cupraselect®, a 
temperature range for these components of 70-75'C is preferred. The 
temperature range may of course vary, depending upon the application. 
Alternative to the heating jacket, the heating may accomplished by any known 
and accepted means for chamber component heating such as, but not limited to, 
fluid exchange with fluid remotely heated, resistive heating elements contained 
in or upon the hot plate 280, chamber housing 270 or valve body 204, and heat 
lamps (not shown) within the chamber or the like. If the hot plate is heated by 
heat applied to or in the outer zone 280a of the hot plate, it is preferred that the 
hot plate passageways 282 leave sufficient material of the outer zone 280a 
between adjacent passageways to permit heat to be adequately conducted to 
the interior hot plate zone 280b. 

The vaporizer chamber houshg 270 Is mounted on the hot plate outer 
zone 280b which In turn Is mounted on the deposition chamber lid 19 aligned 
with the opening 284 in the lid 19. The coupling between the vaporizer hot plate 
280 and the deposition chamber lid 19 Is sealed with suitable seals 300 <F|g. 2) 
as Is the coupling between the vaporizer housing 270 and the not plate 280. 
The deposition chamber 18 b defined by sidewalfe 302, floor 304 and Hd 19. 
The fid 19 incorporates a showemead 308 having a plurality of orifices 310 
therein to distribute the vapor for deposition. The deposition chamber 18 further 
contains a heated susceptor 312 for retaining a substrate 318 such as a 
semiconductor wafer onto which it is desirable to deposit copper. The 
susceptor 312 is fabricated from a durable metallic material such as aluminum 
or a ceramic such as aluminum nitride or boron nitride. The susceptor 312 also 
functions as a heater or heat sink and contains additional components to heat 
or draw heat from the wafer 316. For example, the susceptor 312 can be 
provided with one or more resistive heater colls 315 which are connected to a 
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power source. The power source provides a current flow through the coil 313 
which generates heat within the substrate support 312 which is then conducted 
to the wafer 316. An annular plate 314 circumscribes the chamber walls 302 
and provides support for a cover ring 318. Copper is deposited onto the 
substrate 316 by CVD when a vaporized precursor from the vaporizer 12 
contacts the heated wafer. Cover ring 318 provides protection to peripheral 
portions of the substrate 316 and lower chamber regions upon which deposition 
is undesirable. A pressure control unit 342, (e.g., a vacuum pump), is coupled 
to the process chamber 18 via a valve 338 (e.g., a throttle valve) to control the 
chamber pressure. 

The showerhead of the deposition chamber is optional and may be any of 
known conventional showerheads. in addition the showerhead may be 
constructed as described in the aforementioned copending application. As 
described therein, the showerhead 308 Is fabricated to serve not only as a 
distribution plate for the vaporized precursor and carrier materials, but also as a 
secondary "hot plate" to catch and revaporize excess process material. The 
showerhead 308 performs this function by way of a plurality of optional concave 
segments 326 formed on an upper surface of the showerhead 308 and an 
optional shadow plate 324 disposed above the showerhead 308. A flow of 
completely vaporized process material 289 passes from the vaporizer 12 and 
into the chamber 18. A flow 343 continues through a plurality of orifices 344 
provided in the shadow plate 324 and through the plurality of orifices 310 in the 
showerhead 308. The shadow plate orifices 344 are offset from the 
showerhead orifices 310 to reduce liquid precursor contamination. Specifically, 
a flow 345 of an incompletely vaporized (liquid) material from the vaporizer 12 is 
caught by one of the concave portions 326 on the top of the showerhead 308. 
The showerhead 308 and shadow plate 324 are heated to approximately 65*C 
which is a temperature suitable for vaporization of the liquid precursor material 
(i.e., Cup/aselect®). The heating is accomplished by any known and accepted 
means for chamber component heating such as, but not limited to. fluid 
exchange with fluid remotely heated, resistive heating elements contained in or 
upon the showerhead 308 and/or shadow plate 324, heat lamps within the 
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chamber 18 or the like. As such, the Gquid material vaporizes and follows a 
path 347 through one of the plurality of orifices 310 in the showerhead 308. 
The flaw of Incompletely vaporized material can also occur along path 350, 
become vaporized on the shadow plate 324 and continue as a vaporized flow 
along path 352, It is believed that the showerhead 308 and shadow plate 324 
prevent the flow of liquid material to the wafer surface by capturing and 
secondarily vaporizing such liquid. 

Various components described above such as the hot plate 280, the 
housing 270 or the valve body 200 may each be fabricated as monolithic or one 
-piece structures. Alternatively, these components may be assembled from 
subcomponents, depending upon the particular appf cation. 

The above-described apparatus and process can be performed in a 
system that is controlled by a processor based control system 17 {Hg. 1). Fig. 8 
shows a block diagram of a deposition system 1 0, such as that depicted in Fig. 
1 , having such a control system 17 that can be employed in such a capacity. 
The control system 17 includes a processor unit 802, a memory 804, a mass 
storage device 806, an Input control unit 808, and a display unit 810 which are 
all coupled to a control system bus 812. 

The processor unit 802 forms a general purpose computer that becomes 
a specific purpose computer when executing programs such as a program for 
implementing the CVD of copper of the Ilustrated embodiment Although this 
embodiment is described herein as being implemented In software and 
executed upon a general purpose computer, those stalled in the art will realize 
that the present invention could be operated using hardware such as an 
application specific integrated circuit ASIC or other hardware circuitry. As such, 
the control aspects of the embodiments of the present inventions should be 
understood as being able to be implemented, in whole or in part, in software, 
hardware or both. 

The processor unit 802 is either a microprocessor or other engine that is 
capable of executing instructions stored in a memory. The memory 804 can be 
comprised of a hard disk drive, random access memory ("RAM"), read only 
memory ("ROM"), a combination of RAM and ROM, or another processor 
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readabie storage medium. The memory 804 contains instructions that the 
processor unit 802 executes to facilitate the performance of the deposition 
system 10. The instructions in the memory 804 are in the form of program code. 
The program code may conform to any one of a number of different 
programming languages. For example, the program code can be written in C+, 
C++, BASIC, Pascal, or a number of other languages. 

The mass storage device 806 stores data and instructions and retrieves 
data and program code Instructions from a processor readable storage medium, 
such as a magnetic disk or magnetic tape. For example, the mass storage 
device 806 can be a hard disk drive, floppy disk drive/tape drive, or optical disk 
drive- The mass storage device 806 stores and retrieves the Instructions in 
response to directions that K receives from the processor unit 802, Data and 
program code instructions that are stored and retrieved by the mass storage 
device 806 are employed by the processor unit 802 for operating the deposition 
system SO- The data and program code instructions are first retrieved by the 
mass storage device 806 from a medium and then transferred to the memory 
804 for use by the processor unit 802. 

The display unit 810 provides information to a chamber operator in the 
form of graphical displays and alphanumeric characters under control of the 
processor unit 802. The input control unit 808 couples a data input device, 
such as a keyboard, mouse, or light pen, to the processor unit 802 to provide for 
the receipt of a chamber operator's inputs. 

The control system bud 812 provides for the transfer of data and control 
signals between ail of the devices that are coupled to the control system bus 
812. Although the control system bus is displayed as a single bus that directly 
connects the devices in the processor unit 802, the control system bus 812 can 
also be a collection of busses. For example, the display unit 810, Input control 
unit 808 and mass storage device 806 can be coupled to an input-output 
peripheral bus, while the processor unit 802 and memory 804 are coupled to a 
local processor bus. The local processor bus and input-output peripheral bus 
are coupled together to form the control system bus 812. 
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The control system 17 is coupled to the elements of the deposition 
system 10, employed in copper CVD in accordance with the illustrated 
embodiment Each of these elements is coupled to the control system bus 812 
to facilitate communication between the control system 17 and the elements. 
These elements Include the following: a plurality of valves 814 (such as valves 
13 and 15 of Fig. 1), the heating elements (such as the heating element 113 
and heating jacket 292 of Fig, 2), the pressure control unit 342. the flow 
controllers (such as the flow controllers 14 and 38 of Fig. 1), vaporizer 12 
(including the valve 244 of Fig. 3), and a pressure source controller (such as 
pressure source 24 of Fig. 1). The control system 17 provides signals to the 
chamber elements that cause these elements to perform operations for forming 
a layer of copper In the subject apparatus. 

In operation, the processor unit 802 directs the operation of the chamber 
elements In response to the program code instructions that it retrieves from the 
memory 804. For example, once a wafer is placed in the processing chamber 
100, the processor unit 802 executes instructions retrieved from the memory 
804 such as activating the heating element 313, controlling valves 814 to 
produce the desired flow rate of precursor and carrier materials, move 
susceptor 312 into position for CVD and the like. The execution of these 
Instructions results in the elements of the deposition system 10 being operated 
to deposit a layer of material on a substrate. 

The novel deposition system described above may provide for an 
improved CVD operation by more completely and uniformly dispersing and 
vaporizing a precursor material in a chamber. Additionally, various features of 
the deposition system may include a reduction in the likelihood of clogging or 
excessive and undesirable plating that potentially creates particles in the 
chamber and/or premature failure or excessive maintenance of system 
components. 

It should be understood that the preceding is merely a description 
of some embodiments of the present inventions and that numerous changes to 
the disclosed embodiments can be made in accordance with the disclosure 
herein without departing from the spirit or scope of the inventions. The 



( 31 ) 



#W2 0 0 1 - 335940 



-18- 

preceding description, therefore is not meant to limit the scope of the inventions. 
Rather, the scope of the inventions are to be determined only by the appended 
daims and their equivalents. 
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CLAIMS 

What is claimed is: 

1 . Apparatus for use with a source of carrier gas and a source of liquid 
precursor for performing chemical vapor deposition, comprising; 

a deposition chamber having a lid; and 

a vaporizer carried by said lid, said vaporizer comprising a body 
defining a cavity having an outlet and an inlet wherein said outlet Is 
larger than said inlet, said body further defining a first passageway 
coupled to said inlet and having a width W and a length L and adapted to 
carry a mixed flow of carrier gas and a liquid precursor to said cavity 
inlet, wherein the ratio of said length L to said width W of said first 
passageway to said cavity Inlet does not exceed 20:1 and wherein said 
liquid precursor Is dispersed by said earner gas expanding through said 
cavity, 

2. The apparatus of claim 1 wherein the ratio of said length L to said width 
W off said first passageway is at least 2:1 . 

3. The apparatus of claim 1 wherein the length of said first passageway is 
less than 100 mils. 

4. The apparatus of claim 1 wherein the width of said first passageway is 
less than 30 mils. 

5. The apparatus of claim 1 wherein said cavity inlet is recessed- 

6. The apparatus of claim 1 wherein said body further comprises a second 
passageway adapted to cany a flow of liquid precursor, and a valve 
disposed In said second passageway, said valve having respective open 
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and dosed positions and being adapted to permit a flow of liquid 
precursor through said second passageway to said first passageway 
when in said open position. 

7. The apparatus of claim 1 wherein said first passageway has a carrier gas 
inlet and a liquid precursor inlet spaced from said cayfty inlet by said first 
passageway length L, and wherein said body further comprises a second 
passage way adapted to carry a flow of liquid precursor and coupled to 
said first passageway liquid precursor inlet, and a third passageway 
coupled to said first passageway carrier gas inlet and adapted to carry a 
flow of earner gas to said first passageway, wherein said first 
passageway carries said mixed flow of both said liquid precursor and 
said carrier gas over said length L to said cavity inlet 

8. The apparatus of claim 1 wherein said chamber has a showerhead 
adapted to distribute vaporized material, and a hot plate disposed 
between said showerhead and said cavity outlet and adapted to vaporize 
dispersed liquid precursor into vaporized material priorto distribution by 
said showerhead, 

9. The apparatus of cJaim 7 wherein said second passageway is coupled to 
said first passage way at an angle so that the flow of earner gas from 
said third passageway through said first passageway mixes said flow of 
liquid precursor from said second passageway with said carrier gas 
flowing in said first passageway. 

10. The apparatus of daim 9 wherein said second passageway Is 
orthogonally coupled to said first passage. 
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1 1 . The apparatus of claim 7 wherein 



said first passageway has a first flow 



cross-sectional area and said second passageway has a second flow 



cross-sectional area smaller than 



The apparatus of claim 7 wherein 
cross-sectional area and said 
sectional area larger than said 



said first passageway has a first flow 
passageway has a third flow cross- 
firfctflow cross-sectional area. 



third 



1 3, The apparatus of claim 6 whereir 



14. The apparatus of claim 6 whereir 
dead leg portion between said 
said valve is in said closed 
has a volume of ,1 cc or less. 



said second passageway defines a 
valve and said first passageway when 
position and wherein said dead leg portion 



1 5. The apparatus of claim 1 4 1 
of ,001 oc or less* 



16. The apparatus of claim 1 whereir i 

area which increases monotonically from 



The apparatus of claim 1 whereirji 
shaped wall positioned to define 
cavity. 



The apparatus of claim 1 whererip 
waB positioned to define a cylind 



said first flow cross-sectional area. 



said valve is a zero dead volume valve. 



wherein said dead leg portion has a volume of 



said cavity has a flow eross-sectiona! 
said inlet to said outlet 



said body has a hernisphericaBy 
a hemispherical^ shaped portion of said 



said body has a cylindrically shaped 
ically shaped portion of said cavity. 



The apparatus of claim 1 wherein said body has a frusto^onlcally 
shaped wall positioned to define a frusto-conically shaped portion of said 



cavity. 
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20. The apparatus of claim 16 wherein said cavit/ is nozzle shaped 



21 . The apparatus of claim 8 wherein 
cavity outlet and defines a plurality 



22. 



23. 



24. 



The apparatus of claim 21 wherein 
concentric 



The apparatus of claim 21 wherein 
width in the range of 1/16 to 1/8 tych. 



The apparatus of claim 21 wherein 
depth in the range of 1/4 to 54 inch. 



25. A vaporizer for use with a source 



adapted to carry a flow of carrier 



said hot plate has a surface lacing said 
of grooves. 



said grooves of said hot plate are 



said grooves of said hot plate have a 



said grooves of said hot plate have a 



of carrier gas, a source of liquid 



precursor and a deposition chamber.for performing chemical vapor 
deposition, comprising: 

a body defining a cavity having an outlet and an inlet, said body 
further defining a first passageway coupled to said cavity inlet and 



gas and a liquid precursor to said cavity 
Inlet, said first passageway having a liquid inlet, and defining a width W 
and a length L between said Hquid Wet and said cavity Wet said body 
further defining a second passageway coupled to said first passageway 

» flow of liquid precursor to said first 
passageway, and a third passageway coupled to said first passageway 
and adapted to cany a flow of cs rrier gas to said first passageway 
wherein said flows of said liquid precursor and said carrier gas are mixed 
in said first passageway between said liquid inlet and said cavity inlet 
and the ratio of said length L to said width W of said first passageway 
between said liquid inlet and said cavity Inlet does not exceed 20:1. and 
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26. 



30. 



31. 



32. 



wherein said cavity is shaped to- permit said carrier gas to expand 
through said cavity to disperse said liquid precursor. 
The vaporizer of daim 25 whereji i the ratio of said length L to said width 
W of said first passageway Is at'least 2:1 . 



27. The vaporizer of claim 25 wherefh the length of said first passageway is 
less than 100 mils. 



28. The vaporizer of claim 25 wherein 
less than 30 mils. 



29. The vaporizer of claim 25 wherefn said cavity inlet Is recessed. 



the width of said first passageway is 



The vaporizer of claim 25 wherei n 
disposed in said second passageway 
and closed positions and being 
precursor through said second 
when in said open position. 



said body farther comprises a valve 
, said valve having respective open 
adapted to permit a flow of liquid 
passageway to said first passageway 



said valve is a zero dead volume 



The vaporizer of claim 30 wherein 
valve. 



The vaporizer of claim 30 wherein said second passageway defines a 
dead leg portion between said valve and said first passageway when 
said valve is in said closed position and wherein said dead leg portion 



has a volume of .1 cc or less- 

33, The vaporizer of claim 32 where 
of .001 cc or less. 



n said dead teg portion has a volume of 
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outlet and adapted to vaporize 
material. 



36. 



37, 



38. 
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furthencomprising a hot plate facing said cavity 
dispersed liquid precursor into vaporized 



35. The vaporizer of claim 25 wherelr 



said second passageway is coupled to 



said first passage way at an angle so that the flow of carrier gas from 
said third passageway through said first passageway mbces said flaw of 
liquid precursor from said second 
flowing in said first passageway.; 



passageway with said carrier gas 



The vaporizer of claim 25 wherein said first passageway has a first flow 
cross-sectional area and said second passageway has a second flow 

crossrtsectional area smaller thaiji said first flow cross-sectional area, 

i 

The vaporizer of dalm 25 whereir i said first passageway has a first flow 
cross-sectional area and said thir i passageway has a flow cross- 
sectional area larger than said first flow cross-sectional area. 



The vaporizer of claim 25 whereii \ 
area which Increases monotonic^Ily 
outlet 



said cavity has a flow cross-sectional 
from said cavity Inlet to said cavity 



39. The vaporizer of claim 34 wherein said hot plate has a surface facing 
said cavity outlet and defines a p urallty of grooves. 

40. The vaporizer of claim 39 wherein said grooves of said hot plate are 
concentric- ; 

41 . The vaporizer of claim 39 wherein said grooves of said hot plate have a 
width In the range of 1/16 to 1«jhch. 
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42. The vaporizer of claim 39 wherein said grooves of said hot plate have a 
depth in the range of 1/4 to !4 in< : \. 

43. An apparatus for use with a source of earner gas and a source of liquid 
precursor for performing chemical vapor deposition, comprising: 

a deposition chamber having a f d; and 
a vaporizer carried by said lid, said vaporizer comprising an 
aluminum body denning a nozzli-shaped cavity having an outlet and a 
recessed inlet wherein said outlet Is larger than said Inlet and said cavity 
outlet has a width In excess of 1*4 inch, said body further defining a first 
passageway coupled to said inlet and having a width W and a length L 
and adapted to cany a mixed flow of carrier gas and a Squid precursor to 
said cavity inlet, wherein the length L of said first passageway is less 
than 100 mils and the width W of said first passageway Is less than 30 
mils and the ratio of said length L to said width W of said first 
passageway to said cavity Inlet Is within a range of 2:1 to 20:1 and 
wherein said first passageway has a carrier gas Inlet and a liquid 
precursor inlet spaced from said cavity inlet by said first passageway 
length L, and wherein said body, further comprises a second passage 



way adapted to cany a flow of liquid precursor and coupled to said first 
passageway liquid precursor inlet and a third passageway coupled to 
said first passageway carrier gas inlet and adapted to cany a flow of 
carrier gas to said first passageway, wherein said first passageway 
carries said mixed flow of both said liquid precursor and said carrier gas 
over said length L to said cavity! Inlet wherein said liquid precursor is 
dispersed by said earner gas expanding through said cavity, said 
vaporizer further comprising a valve disposed in said second 



passageway, said valve having 



respective open and dosed positions and 
being adapted to permit a flow of liquid precursor through said second 
passageway to said first passageway when in said open position, 
wherein said second passageway defines a dead leg portion between 
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said valve and said first passageway when said valve is in said closed 
position and wherein said dead leg portion has a volume of .1 cc or less; 

wherein said chamber has a showerhead adapted to distribute 
vaporized material, and wherein ,sald vaporizer further has an aluminum 
hot plate disposed between said showerhead and said cavity outlet and 
adapted to vaporize dispersed liquid precursor into vaporized material 
prior to distribution by said showerhead, wherein said hot plate has a 
surface facing said cavity outlet and defines a plurality of concentric 
grooves. j 

44. A method tor performing chemlcpl vapor deposition comprising: 

combining a flow of carrier gas and liquid precursor in a first 
mixing passageway to a cavity inlet of a body of a vaporizer earned by a 
lid of a chemical vapor deposition chamber, wherein the length to width 
ratio of said first mixing passageway does not exceed 20:1; 

expanding said combined-flow of carrier gas and liquid precursor 
flowing from said cavity inlet to 4 cavity outlet in said body, wherein said 
cavity outlet is larger than said i^ilet so that liquid precursor is dispersed 
by said carrier gas expanding through said cavity; and 

vaporizing said dispersed, liquid precursor to produce a vapor; and 

depositing said vapor on a subs rate In said deposition chamber. 

« 

i 

45. A method for vaporizing a liquii for use in a chemical vapor deposition, 
comprising: F 

combining a flow of carrier gas and Bquld copper compound 
precursor in a first mixing passageway to a cavity Inlet of a body, wherein 
the length to width ratio of said first mixing passageway does not exceed 

20:1; [ 

expanding said combined flow of carrier gas and liquid precursor 

a cavity outlet in said body, wherein said 
Inlet so that liquid precursor Is dispersed 



flowing from said cavity inlet to 
cavity outlet Is larger than said 



by said carrier gas expanding thVough said cavity; and 
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vaportzing said dispersec iliquid precursor to produce a vapor. 

! 

i * 
46. The method of claim 45 further Comprising: 

closing a valve to terminate a flow of liquid precursor to said first 
passageway upon completion of production of said vapor; and 

purging a dead leg passageway between said closed valve and 
said first passageway, said valve being spaced sufficiently close to said 



first passageway such that said 



dead leg has a volume of .1 ccor less. 
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the vaporizer has a relatively short mixi 



RACT 



A deposition system for performing chemical vapor deposition comprising 
deposition chamber and a vaporizer coupled to said chamber. In one aspect, 



ig passageway to mix a carrier gas with 



a liquid precursor to produce a fine aerosol-like dispersion of liquid precursor 
which is vaporized by a hot plate. | 
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